Abstract
INTRODUCTION
Infections are commonly encountered diseases in every day clinical practice and affect both people with co-morbidities and people that are otherwise healthy. Timely administration of the appropriate empirical antibiotic treatment has been associated with survival in patients with severe infections. [1] [2] [3] [4] However, patients' compliance is another important parameter that may also account for the response to treatment in less severe infections where the antibiotic treatment is administered per os. The frequency of the daily dosing is among others a factor affecting compliance to treatment. [5] Controversial results have been published so far regarding compliance to antibiotic treatment showing that once-daily regimens lead to better compliance than the regimens administered multiple times daily [6, 7] or vice versa, [8] or even that there is no difference in compliance between antibiotic regimens administered once and multiple times daily. [9, 10] In this context, we aimed to systematically review and synthesize the available evidence with the methodology of meta-analysis in order to determine whether the administration of oncedaily regimens results in higher compliance to treatment than regimens administered multiple times daily.
METHODS

Literature search
We systematically reviewed the literature in the PubMed and Scopus databases up to June 2013. The following search term was used without a limit in the year of publication: "(once daily OR twice daily OR three times daily OR thrice daily OR four times daily) AND (antibiotic OR antimicrobial OR anti infective) AND (compliance OR adherence)". Furthermore, the bibliographies of all relevant articles were hand-searched in order to retrieve additional potentially eligible studies. Articles published in a language other than English, German, French, Spanish, Italian, or Greek were not evaluated. patients (adults or children), site of infection, and detailed description of the antibiotic treatment regimens that were administered (medication, amount of dose, frequency of administration, treatment duration). Finally, the definition of compliance that was used in each study was recorded.
Definitions and outcomes
The outcome of the meta-analysis was compliance to antibiotic treatment defined according to the definitions used by the authors of the included studies. Three levels of analysis were developed according to the compared antibiotics. The primary analysis reports on comparison between dosing regimens of the same antibiotic or between regimens of antibiotics of the same class (i.e. between penicillins or between cephalosporins). The secondary analysis included studies comparing dosing regimens of antibiotics of a same broader class of antibiotics (i.e. between beta-lactams). Finally, the third analysis reports on comparison between dosing regimens of antibiotics of different classes (i.e between a beta-lactam and a macrolide). In each of the aforementioned analyses, subgroup analysis according to age group was performed.
Statistical analysis
The meta-analysis was performed with Review Manager for Windows, version 5.1. Pooled risk ratios (RR) and 95% confidence intervals (CI) were calculated. Statistical heterogeneity among studies was assessed by using a w 2 test (P < .10 was defined to indicate significant heterogeneity) and I 2 (assessed the degree of heterogeneity). The Mantel-Haenszel fixed effect model (FEM) was used when there was no significant statistical heterogeneity between the studies; otherwise, the random effects model (REM) was used as appropriate.
RESULTS
A total of 1271 articles (1158 articles from PubMed and 113 articles from Scopus) were retrieved during the search process 26 out of which were finally included in the review. Seventeen double-blind studies were excluded because the compared regimens were administered equal times daily due to placebo in the once-daily arm. [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] One study was excluded because various antibiotics were administered in each arm. [49] Seventeen out of 26 RCTs were open-label, [7] [8] [9] 11, 12, 14, 15, 18, 19, 21, 22, 24, [26] [27] [28] [29] [30] while the remaining nine studies were single-blind. [6, 10, 13, 16, 17, 20, 23, 25, 31] The detailed study selection process is depicted in Fig. 1 . The characteristics of the included studies are presented in Table 1 and Table 2 .
The antibiotics most commonly administered were penicillins (18 studies), [6, [8] [9] [10] [11] 13, [15] [16] [17] [19] [20] [21] [22] [23] [24] [28] [29] [30] followed by cephalosporins (10 studies) [11, 12, 14, 18, 19, [22] [23] [24] 26, 28] and macrolides (6 studies). [6, 7, 18, 21, 25, 31] Levofloxacin [27] and trimethoprime-sulfamethoxazole [14] were used each one in one trial. Amoxicillin/clavulanic acid was the most commonly administered penicillin. [6, 13, 16, 17, 21, 22, 24] Twenty-two studies referred to respiratory tract infections (8 tonsillopharyngitis, [8] [9] [10] 15, 18, 23, 29, 31] 5 acute otitis media, [13, 17, 22, 24, 28] 3 lower respiratory tract infections, [6, 16, 25] 1 sinusitis, [19] and 5 undetermined respiratory tract infections [7, 11, 20, 21, 27] ), two studies to urinary tract infections [14, 30] and the remaining 2 to skin infections. [12, 26] Pooling all the studies showed that compliance was significantly higher with once versus multiple times daily regimens [ Fig. 2 
Antibiotics of different classes compared
The compliance was higher among adults treated with once-daily regimen than those treated with thrice or four times daily regimens [ Fig. 7 , 395 patients, RR = 1.20 (95% CI, 1.12, 1.28)].
No heterogeneity was detected in this analysis (I 2 = 0%). One study reporting on both adults those who received all the medication, there was higher compliance in patients receiving the drug once-daily than those receiving the drug multiple times daily [1054 patients, RR = 1.54 (95% CI, 1.14, 2.09]. Contrariwise, when as compliant patients were defined those who received high amount but not all the medication, no significant differences were found between the once-daily and multiple times daily groups [505 patients, RR = 1.06 (95% CI, 0.82, 1.38)]. Considerable heterogeneity was detected in both analyses (I 2 = 96%). Duration of treatment: 7 versus > 7 days. When analysis was performed according to the duration of the antibiotic treatment, the compliance was higher in the once-daily group compared to the multiple times daily group, both in studies with short duration of treatment ( 7 days 
DISCUSSION
This meta-analysis revealed that patients who received antibiotic treatment once-daily had higher compliance than those who received antibiotic treatment multiple times daily. Of interest, this finding was observed both in open-label and in single-blind RCTs. Previous studies have suggested that the clinical effectiveness with once-daily regimens may be non-inferior to multiple daily dosing regimens. [50] [51] [52] Regarding the same comparison, this meta-analysis showed that compliance to treatment appears to be higher with once than multiple daily dosing regimens. In particular, higher compliance in the once-daily group compared to the multiple times daily group was observed both for those who received treatment for 7 days and for those who received treatment for > 7 days. The analysis regarding the definition of compliance used among the included studies showed that the compliance was higher with the once-daily regimen than the regimen administered multiple times daily only in studies where a patient was considered compliant when he took all the doses of the medication during treatment. Analyses comparing compliance according to the type of antibiotic administered in each arm (i.e. same antibiotic, same class of antibiotics, different broad classes of antibiotics) were also performed in this meta-analysis. In particular, adults receiving antibiotic treatment once-daily had higher compliance than those receiving the same antibiotic or antibiotic of the same class twice or thrice-daily, while compliance was higher in children receiving antibiotic treatment twice-daily compared to those receiving the same antibiotic or antibiotic of the same class thrice-daily. When antibiotics of different broad classes were compared, the compliance was higher in adults who received antibiotic treatment once-daily than those who received another antibiotic thrice or four times daily. Most studies showed individually numerical superiority of the regimen administered fewer times daily than that administered more times daily, or no difference between the compared regimens.
Expectedly, the more times daily patients took a medication, the less compliant were. In fact, the lowest percentages of compliance were observed among patients treated with thricedaily regimens or four times daily regimen in one study. [8] The most rational reason that patients were not as compliant with multiple times daily as with once-daily regimens is the possibility of forgetting to take a dose when a regimen is administered over once-daily. Besides, some patients may underestimate the omission of a dose, and thus may be less compliant when they must receive an antibiotic multiple times daily. Indeed, multiple times of daily administration of a drug and long-duration treatment make the compliance difficult and lead to poor treatment. [5, 53, 54] As far as children are concerned, one may expect that compliance in this population may not differ according to the number of times daily that a regimen is administered, since taking the medication is not at their discretion but instead, guardians are responsible for it. Actually, no difference was found between fewer and more times daily in most analyses except that on the same antibiotic or antibiotic of the same class between the two arms given twice versus thrice-daily. Specifically, children who received penicillins twice-daily had higher compliance than the children who received penicillins thrice-daily. This could partially be justified by the fact that as the number of daily doses increases, the possibility the guardian forgets to give the medication increases, as well.
High compliance may lead to clinical success but low compliance may result in treatment failure, emergence of resistant strains, and increased healthcare costs through relapses of infection and hospitalizations. [54] [55] [56] [57] Apart from the frequency of the daily dosing, other factors can also affect compliance to treatment. [5] These factors can be categorized as patient-centered (i.e. age, gender, health literacy), therapy-related (i.e. taste or odor of the medication, adverse events, long duration of treatment), as well as factors associated with the healthcare system, social and economic status of the patient, and the severity of disease. [5] Last, another interesting view is that patients may obtain the highest compliance around doctor's visits [58, 59] which means that contact between patient and doctor during treatment may result in higher compliance. It is now evident that clinicians should take into consideration the patient's compliance before prescribing an antibiotic.
To our knowledge this is the first meta-analysis study focusing on the compliance to antibiotic treatment according to the number of doses per day. The finding of the meta-analysis is consistent with a previous review that studied the association between dose regimens and medication compliance. [53] In that review, the authors pinpointed the value of simplicity showing that less frequent dosing regimens lead to higher compliance across a variety of drugs. Same results have been reported in several previous studies demonstrating better compliance with lower frequency daily dosing in various medications, such as antihypertensive, [60, 61] antiviral, [62, 63] inhaled drugs, [64, 65] or even eye drops [66, 67] and anti-acne drugs. [68] Our findings should be interpreted in view of important limitations. First, considerable statistical heterogeneity was detected in most analyses. In addition, it should be emphasized that compliance was not included among the primary outcomes in none but one included study. [7] Furthermore, all patients were from RCTs, while it has been suggested that patients included in RCTs may be different from those viewed in clinical practice [69] and this may have contributed in an overall high compliance in both treatment arms. Still, the included infections were not severe and the antibiotics were administered for a short period of time which also may lead to a high overall compliance to treatment. This is juxtaposed to severe infections such as tuberculosis for which patients receive long-duration treatment and have low compliance. [70] The definition of compliance which differed among the included studies as well as the method of assessment of compliance is an additional limitation that should be taken into account in the evaluation of our findings. Finally, the included studies were from different countries and continents and it has been suggested that compliance may be higher among white patients compared to African American, Hispanics or Asian. [71, 72] In conclusion, considering the limitations surrounding this meta-analysis once-daily antibiotic treatment might be associated with higher compliance than treatment administered multiple times daily in specific populations, for specific sites of infections and specific classes of antibiotics. Since higher compliance to treatment may imply higher clinical effectiveness, the frequency of the dosing schedule of an antibiotic is an additional parameter that could be considered before prescription. 
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